CONTEXT AND OBJECTIVE: Patients undergoing the same neuromodulation protocol may present different responses. Computational models may help in understanding such differences. 
INTRODUCTION

Transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS)
are safe non-invasive techniques that present different characteristics. TMS equipment is more expensive, its stimulation is more focal, it has better temporal resolution and its accuracy is of the order of milliseconds while that of tDCS is of the order of minutes. TMS generates muscle contraction and provides a sound stimulus during its application, while TDCS is more easily applicable, does not generate muscle contraction and does not provide back-sound stimulus.
In applications of TMS, rare cases of convulsion have been reported although mild adverse effects (such as transient headache) may occur. The literature on tDCS does not report any correlation with seizure but it describes mild adverse effects such as transient headache. Both techniques can influence distant cortical and subcortical areas beyond the stimulation area, due to trans-synaptic effects. The current direction may differ in subjects with or without brain injury. 1, 2 The concept of inter-hemispheric competition for language and motor deficits after stroke lies behind the principle of neuromodulation. The aim is to facilitate increased brain activity in the injured hemisphere, while favoring inhibition of cortical activity in the healthy hemisphere. [3] [4] [5] Investigations using one session of TMS or tDCS have suggested that use of these techniques among aphasic patients after stroke has a relationship with language improvement. Thus, these techniques may be promising for speech rehabilitation in cases of aphasic syndromes. 6, 7 Recent evidence from noninvasive brain stimulation (NIBS) has indicated that neuromodulation in consecutive sessions might be a beneficial tool for improving language skills among aphasic patients. 8, 9 Inter-individual differences in response to NIBS remain an important area of investigation and a hurdle to be surmounted for achieving clinically efficacious treatment. The reasons for different responses shown in studies are not well-defined, but may relate to the distribution of electric current through the brain and surrounding tissues. Thus, development of computational models simulating the current distribution of tDCS in patients with different clinical responses makes it possible to accurately review current patterns in tDCS applications and to understand clinical outcomes better.
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OBJECTIVES
The aim of this study was firstly to describe the responses of significantly aphasic post-stroke patients to naming tasks, before and after one application of tDCS, TMS or sham, and to compare these neuromodulation techniques; secondly, the intention was to describe current distribution in the cortex and surrounding tissues through computational model stimulation, among patients who showed different results in naming tasks after tDCS. Table 1) .
METHODS
This
The sample included post-stroke patients of both sexes who had suffered a left hemisphere ischemic stroke at least six months earlier. These patients were recruited in the Neurology Department and the sample size was calculated statistically. The diagnosis of aphasia was made by a speech pathologist before neuromodulation, and a medical neuroimaging evaluation was also performed.
The lesions were located not only in the frontal lobe but also in the parietal lobe, temporal lobe and subcortical areas.
For the purposes of the present study, clinical and diagnostic findings of aphasia were given preference, rather than topographic data. The inclusion criteria were that the subjects needed to present Broca or anomic aphasia without comorbidities such as dysarthria or apraxia of speech and without previous speech and language therapy. Patients with any clinically significant or unstable medical or psychiatric disorder, any history of substance abuse or any neuropsychiatric comorbidity were excluded. The aphasia classification was based on speech and language pathology standards.
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Direct current stimulation was transferred through a salinesoaked pair of surface sponge electrodes (10 cm x 10 cm and 5 cm x 7 cm) and was delivered by means of a specially developed direct current stimulator. The electrode placement was as follows: the anode (10 cm x 10 cm) was over the Broca area and the cathode (5 x 7 cm) was centered horizontally over the F8 of the 10-20 system. 14 tDCS was applied for 20 minutes at a current intensity of 2 mA. TMS was carried out in the right hemisphere, in the area homologous to Broca's area, located by means of the 10-20 system (F8), with a frequency of 1 Hz, using 90% of the motor threshold for 20 minutes. The threshold corresponded to a lower-intensity stimulus applied to the right hemisphere motor area, which causes contraction of the left-side first interosseous muscle, observed through electromyography (EMG), using surface electrodes. The motor threshold was recalculated after test assessments. Motor cortex excitability was measured by means of the motor evoked potential (MEP) and silent period (SP) before starting and immediately at the end of stimulation. 15 The tDCS placebo consisted of the same stimulator apparatus as described above, with the stimulator turned on for 20 seconds to mimic the effect of stimulation. The TMS placebo comprised a specific coil, with a screen that did not allow passage of the magnetic field but produced a sound stimulus of similar characteristics.
The subjects did the Boston Naming Test 16 before and after each neuromodulation procedure. The patients received tDCS, TMS or placebo in a silent and well-lit room. Their responses were recorded with a head microphone in the CronoFonos software.
An exploratory analysis verified the scores before and after each picture-naming stimulation, considering not only the picture naming but also the picture-naming strategy (i.e. the number of words correctly named plus the linguistic strategies used by the subject to achieve this) and the response time (including the response time for naming strategy and total response time).
In the event of absence of responses, the time interval was replaced by 20 seconds for each item unanswered.
The Kruskal-Wallis and Wilcoxon tests were used to compare responses and variables. The data were reported as means and standard deviations. Statistical significance was taken to be a two-tailed P-value of < 0.05. Three subjects from the first intervention were selected to receive computational models that simulated the tDCS brain current flow. The criterion for selecting them was that they should be one of the best responders, the worst responder and a control, was placed over the Broca area and the cathode (5 cm x 7 cm) was centered horizontally over the F8 of the 10-20 system. To implement the model, the commercially available Comsol Multiphysics 3.5 finite element (FE) package (Comsol Inc., MA, USA) was used, following a method that had already been described 18 . The results were compared on the same scale after the simulation and the current density ranged from 0 V/m to 0.522 V/m.
RESULTS
Thirteen patients were included in this study (53.8% men), with a mean age of 56 years and with elementary and high school educational levels. All the patients received active transcranial direct current stimulation, transcranial magnetic stimulation or sham, with no adverse effects reported. Table 2 describes the subject data and Table 1 shows the randomization results. Table 3) .
Descriptive analysis was conducted on the patients' overall performance, from before to after stimulation. Four subjects demonstrated improvement in all tDCS parameters (patients 1, 9, 10 and 13) and subject #10 was randomly selected as the best responder. Since subject #12 did not show any improvement, this patient was considered to be the worst responder. The subject randomly selected as the control revealed intermediate results, with improvement in two parameters ( Table 4 ).
There were differences in the peak intensities and distributions of the cortical electric field (current density) between the subjects, as demonstrated in Figure 1 .
The results shown in Sham  tDCS  TMS  1  4  5  2  2  1  2  2  3  1  1  0  4  1  2  0  5  4  4  3  6  3  2  4  7  3  3  3  8  4  3  2  9  4  5  5  10  3  5  4  11  3  3  3  12  4  0  3 
DISCUSSION
The number of studies using non-invasive brain stimulation in language areas is increasing and most of them have involved naming tasks for aphasic subjects in more than one session of stimulation. 1, 7, 19, 20 Investigations have indicated that better results were found when neuromodulation was combined with and speech therapy for language skills (especially regarding picturenaming accuracy and latency).
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The present study showed that there were statistically significant differences in picture-naming tasks after a single application of tDCS and after sham stimulation. The lack of detectable effect through TMS was possibly to be expected, given that high variability between subjects and weak effects regarding clinical outcomes from a single session have been shown. 9, [27] [28] [29] Moreover, in TMS, it is difficult to precisely locate the right place to apply the stimulus and small variations in coil positioning may generate stimulation in different regions. 30 Hence, neuronavigation may help to determine the best location for the stimulus and improve the outcomes from TMS.
In neurorehabilitation, the challenge is magnified by inter-individual differences in injuries, along with slow and variable recovery rates even with effective treatment. Hamilton et al. 31 suggested that the difficulty in knowing precisely which brain regions are affected by tDCS was one of the factors that limit expansion of use of this technique. One theory that could explain tDCS results is the current flow distribution. In this regard, computational models can predict the current flow density and may be an option for understanding the results or even for elaborating electrode setups. 17, 18 In the present study, computational models were used in post-hoc analysis and showed that the current flow distribution in the cortex differed among patients with different results. However, the number of patients in this study, which was calculated statistically, was too limited to prove this supposition. However, the number of patients in this study was too limited to prove this supposition.
CONCLUSIONS
The limitations resulting from use of a single session of neuromodulation and the small number of subjects enrolled in the present study need to be taken into account. It would be advisable to conduct prospective controlled clinical trials with higher numbers of patients and multiple sessions of stimulation in order to establish a more precise approach and to compare tDCS and TMS.
